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Purpose/Objective: Dynamic treatments such as volumetric 
modulated arc therapy (VMAT) allow complex dose 
distribution delivery in minutes, dose-rate can vary 
throughout. With flattening filter free (FFF) beams the span 
of possible dose-rates is ~12x increased. Time dependent 
prediction and EPID dosimetry allow dynamic treatment 
verification per control point (CP) but also allow the 4D in-
vivo dose to be calculated and therefore also the varying 
dose-rate to each voxel. While it has been indicated that high 
FFF dose-rates do not grossly impact treatments, it is known 
that low dose-rates (<1Gy/min) do change the dose-response 
of tissues. As treatment planning systems (TPS) typically 
optimize on dose alone, two separate voxels in a patient 
volume receiving the same dose can have their doses 
delivered with different dose rates. A voxel can remain in the 
field penumbra during treatment, receiving dose relatively 
slowly, while the other may receive most of its dose in 1 CP. 
To an optimization process these voxels are equivalent, but 
they may respond differently. Low dose-rates should be 
avoided in targets due to the reduced biological effectiveness 
and could potentially increase the limiting tolerance for 
normal tissues. The biological dose-response relationship for 
3D geometries and dynamic plans is not concretely defined 
and requires further study. To aid in that effort, the purpose 
of this work is to acquire the dose-rate distributions of 
clinical treatments to highlight areas possibly affected. 
Materials and Methods: The planning CT, EPID fluences, linac 
logs, and treatment plan were used to calculate 4D dose 
distributions of clinical VMAT treatments on a static 
geometry using Geant4 and a condor cluster. The absolute 
timing of the delivery was used to obtain the dose-rate for 
each voxel. The doses are resampled using additionally 
measured sub-CP beam pulse information to obtain the 
desired time-frames (e.g. Gy/min, Gy/s, Gy/ms).  
Results: The dose-rate distributions show the dose-rate 
variation in the integrated dose of clinical treatments. All 
clinical plans contain volumes whose median dose-rate was 
less than 1Gy/min. Predominately, areas that receive a 
larger % of their dose via low dose-rates are non-target 
volumes but target volumes also contain dose-rates < 
1Gy/min. 
Conclusions: Areas within TPS optimized dose distributions 
for dynamic treatments receive their dose via dose-rates 
known to deviate from the dose-response assumed for clinical 
treatments, suggesting that a higher tolerance could be used 
for some non-target areas whereas some target volumes may 
also be impacted due to the reduced biological effectiveness 
of lower dose-rates. Dose-rate could be considered during 
optimization in the TPS to improve treatment quality. We 
have created a tool for assessing the dose-rate distribution of 
clinical plans and will allow further investigation into dose-
rate tolerances in 3D geometries for dynamic treatments. 
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Purpose/Objective: Thoracic radiotherapy (RT) often 
involves radiation exposure to part of the left ventricle (LV), 
left anterior descending (LAD) artery and other cardiac 
structures . Radiation induces macro-angiopathy of coronary 
arteries (CAs) leading to coronary artery stenosis (CAS) in 
high dose segments. Thus CAs must be must be delineated 
and critically protected during RT planning. Cardiac and 
respiratory motion induces variation in the position of CAs 
and other cardiac structures. Range of this variation and 
appropriate compensatory margin to be taken around the CAs 
is not known. The present study assess the impact of 
systole/diastole and inspiration/expiration on motion of CAs 
and LV. 
Materials and Methods: Five case of left breast cancer and 
five of carcinoma lung were selected after informed consent. 
Inspiratory breath hold and expiratory breath hold contrast 
scans were taken. ECG gating was used during scans to 
segregate systole and diastole images in both phases of 
respiration. Thus four image sets for each patient were 
imported in contouring work station (Focal Sim). Inspiratory 
systole CT was primary and other three were secondary. LAD, 
right coronary artery (RCA), Left circumflex artery (LCX) and 
LV were delineated in all CT sets after fusion with primary 
CT. Motion variation for each structure was assessed by 
calculating the difference in all three (X, Y, Z) co-ordinates 
as provided by Focal Sim software. Mean variations in CAs, LV 
position in systole versus diastole in inspiration and 
expiration were calculated. Similarly mean variations in CAs, 
LV position in systole during inspiration versus expiration, and 
in diastole during inspiration versus expiration were 
calculated. 
Results: Mean variation (cm) of motion between systole and 
diastole in X, Y , Z co-ordinates for different structures were 
: LAD 0.33(±0.15), 0.26(± 0.18), 0.31(± 0.30); LV 0.23(± 
0.20), 0.14(± 0.12), 0.48(± 0.21); LCX 0.5(± 0.14), 0.18(± 
0.09), 0.48(± 0.33); RCA 0.67(± 0.32), 0.35(± 0.23), 0.61(± 
0.36). Mean variation between inspiration and expiration in 
